A common bean (Phaseolus vulgaris L.) breeding program aims to obtain high yielding lines with quality bean seeds, disease resistance, and upright plant growth habit. The aims of this study were to evaluate the resistance of 527 common bean lines to the principal physiological races of Colletotrichum lindemuthianum and the Fusarium oxysporum f. phaseoli; to estimate genetic parameters and verify the efficiency of the genealogical and bulk methods in conducting these lines. Of these 527 lines, 279 were conducted by the genealogical method and 248 by the bulk method. For the field experiment, the Federer augmented block experimental design was used. Two commercial cultivars carioca seed coat were used as controls for the lines the same color, and more two commercial cultivars for the black seed coat lines. The traits evaluated in the field were plant height (PH), plant growth habit (P), bean seed yield (BY), sieve yield (SY), and lightness of the bean seed coat (L). Of the 527 lines evaluated for anthracnose, 207 were resistant, 57 moderately resistant, and 263 susceptible. For fusarium wilt, 58 were resistant, 53 moderately resistant, and 96 susceptible. For the carioca seed coat lines obtained by the genealogical method, the heritability (h²) estimates stood out for P, BY, L at 40 d, and gain from selection for BY. The h² stood out for black seed coat lines in the PH and SY traits, it can be concluded that the lines obtained by the genealogical method had better performance for all the traits.
INTRODUCTION
Common bean (Phaseolus vulgaris L.) is a legume consumed by most Brazilians, including all social classes, especially the lower classes, for whom it is considered the main source of proteins, minerals, vitamins, and dietary fiber (Bassinello, 2009) .
According to data of the Companhia Nacional de Abastecimento (CONAB, 2018) , the estimate of Brazilian common bean crop for 2017-2018 is around 3.3 million tons. However, this production could be higher were it not for diseases such as fusarium wilt (Fusarium oxysporum f. sp. phaseoli) and anthracnose (Colletotrichum lindemuthianum), which may lead to reductions of 80% to 100% in bean seed yield in susceptible cultivars (Candida et al., 2009; Cruz et al., 2014) . Management strategies, such as crop rotation, elimination of crop residues, and use of healthy seeds, have been used for control of these diseases. However, the use of resistant cultivars is the most efficient manner for maintaining the yield and seed quality of common bean (Candida et al., 2009) .
Breeding programs do not aim to obtain only disease resistance and high yield in common bean, but also upright growth habit, a light colored seed coat, and sieve size greater than 12 for the carioca seed coat and above 11 for the black seed coat. These traits facilitate harvest and crop treatments, thus maintaining market value and consumer acceptance (Carbonell et al., 2010) .
Given the wide range of traits to be incorporated in a single genotype by breeding programs, methods of conducting segregating populations assist in and optimize selection of populations with traits of interest. The bulk method and the genealogical method are those most used for breeding of autogamous plants. Jost et al. (2014) highlighted the genealogical method for obtaining common bean lines with high bean seed yield and an early cycle. Silva et al. (2013) found that the bulk method, within F2, had the highest indexes of generating common bean progenies with better performance for bean seed yield and crude fiber content.
The aims of this study were to evaluate 527 common bean lines conducted by the bulk and genealogical methods for resistance to physiological races 31, 65, and 81 of Colletotrichum lindemuthianum and races 1 and 2 of Fusarium oxysporum f. sp. phaseoli; estimate the genetic parameters for growth habit and plant height, bean seed yield, sieve yield, and seed coat lightness; and verify the efficiency of the two methods used.
MATERIALS AND METHODS
We used 527 lines of common bean (Phaseolus vulgaris L.), consisting of 156 with carioca seed coat and 123 with black seed coat obtained by the genealogical method, and 92 lines of carioca seed coat and 156 of black seed coat by the bulk method. These lines were developed aiming to acquire the main traits required by the producer and consumer markets of the crop. These traits include resistance to the main races of the anthracnose and fusarium wilt pathogens since these are some of the main factors that reduce yield and lower the quality of bean seeds. The following traits were also in focus: plant growth habit and plant height to obtain more upright plants, bean seed yield, sieve yield, and seed coat lightness, to ensure bean seed quality for the consumer market.
Field experiment
A field experiment was conducted in 2013 in the winter crop season at the Central Experimental Center of the Santa Elisa Farm at Instituto Agronômico (IAC), Campinas (22º54 S, 47º03 W; 854 m a.s.l.), São Paulo, Brazil. The formulated fertilizer 04-14-08 was applied at sowing at the rate of 25 g m -1 in the planting furrow; this corresponds to 20 kg N ha -1 , 70 kg P2O5 ha -1 , and 40 kg K2O ha -1 . Urea was topdressed 25 d after, applying 100 kg N ha -1 . A Federer augmented block experimental design (Federer, 1955) was used, and the following commercial cultivars were used as controls: IAC Alvorada and IPR Tangará for the carioca seed coat lines, and IPR Tuiuiú and IAC Diplomata for the black seed coat lines. The plots were composed of 2.0 m length rows at a spacing of 0.5 m between rows and 24 plants per row.
The traits evaluated were plant growth habit (P, with 1 representing upright, 2 and 3 semi-upright, and 4 and 5 prostrate plants); plant height (PH, cm); bean seed yield (BY, in kg ha -1 ); sieve yield (SY, using nr 12 sieve for the carioca bean and nr 11 for the black bean); lightness (L, in the unit of measurement, determined by a colorimeter device Konica Minolta, Tokyo, Japan] , in the CIE 1976 scale system Lab*) or CIELab, in which the L* parameter represents the lightness scale from 0 to 100.
The data obtained were analyzed with the assistance of the software Genes 2013 (Cruz, 2013) through ANOVA, and the following genetic parameters were determined: genetic coefficient of variation (CVg); environmental coefficient of variation (CVe), and the ratio between them (CVg/CVe); broad sense heritability:
Where is genotypic variance and is phenotypic variance; selection differential is sd = ; gain from selection (GS) = × sd broad sense heritability, is mean of those selected and is mean of the original population.
Greenhouse experiments
Greenhouse experiments were conducted in 2014 and 2015 in pots in a greenhouse at the Central Experimental Center of the Santa Elisa Farm, IAC. A randomized complete block experimental design was used, with four replicates, considering a pot with two plants as a replicate. For evaluation regarding anthracnose resistance, seeds from the 527 lines and from the susceptible control 'Pérola' were first disinfected with 70% ethyl alcohol and then with 1.25% sodium hypochlorite for 5 min. After that, seeds were germinated in germination paper with neutral pH and placed in biochemical oxygen demand (BOD) for 3 d at 28 ºC. After this period, the seedlings were transplanted in pots containing 500 g substrate (organic compost:soil 1:1). The isolates 13.373-1 (race 31), 14786 (race 81), and 14670 (race 65) of Colletotrichum lindemuthianum (Sacc. & Magnus) Briosi & Cavara, coming from the Plant Health Center of the IAC were multiplied in oat medium (oat and agar). The inoculum was standardized to 1 × 10 6 conidia mL -1 in a Neubauer chamber. Inoculation was performed spraying at the V2 stage of seedling development according to the scale proposed by Gepts and Fernández (1982) . The seedlings were kept in a moist chamber at 20 °C for 48 h with a 12:12 h photoperiod. After that, moisture control was turned off, and plants remained for 10 d at 20 °C. Evaluation was made using the scale described by Balardin et al. (1990) , with scores from 1 to 9, with 1 representing a plant completely free of symptoms and 9 representing necrosis, leaf dropping, and plant death.
The lines that showed resistance to anthracnose were tested for resistance to races 1 and 2 of Fusarium oxysporum f. phaseoli J.B. Kendr. & W.C. Snyder. The seeds of the lines and of 'IAC Alvorada' and 'Rosinha G2' (controls susceptible to the pathogen) were pre-germinated under laboratory conditions and transplanted to trays containing sterilized vermiculite. For inoculation, isolates 14428 (race 1) and FOP 46 (race 2) from the Plant Health Center of IAC were multiplied in PDA medium (potato, dextrose, agar), and the inoculum was standardized to concentrations of 1 × 10 6 conidia mL -1 (macroand microconidia) in a Neubauer chamber. Seedlings were inoculated in the V2 stage of seedling development according to the scale proposed by Gepts and Fernández (1982) by the dipping method, in accordance with Costa et al. (1989) . After inoculation, plants were transplanted in pots containing 500 g substrate (organic compost:soil 1:1) and placed in a greenhouse for 30 d. Symptoms were evaluated using a scoring scale developed by Nascimento et al. (1995) , where 0 is absence of symptoms and 4 is plants that are completely wilted or dead.
RESULTS AND DISCUSSION

Diseases
The 527 lines developed by the genealogical and bulk methods were evaluated for resistance to races 31, 65, and 81 of C. lindemuthianum -207 lines (39%) were found to be resistant, 57 (11%) moderately resistant, and 263 (50%) susceptible. Considering only the resistant lines, 126 were conducted by the genealogical method, consisting of 53 with a carioca seed coat and 73 with a black seed coat, and 81 were conducted by the bulk method, consisting of 33 with a carioca seed coat and 48 with a black seed coat. The black seed coat lines of the genealogical and bulk methods stood out compared to the carioca seed coat lines.
The 207 lines resistant to the anthracnose pathogen were evaluated in regard to race 1 (American) and race 2 (Brazilian) of F. oxysporum f. phaseoli: 58 lines (28%) were resistant, 53 (26%) moderately resistant, and 96 (46%) susceptible. Considering only the resistant lines, 32 were conducted by the genealogical method, consisting of 15 carioca seed coat lines and 17 black seed coat lines, and 26 by the bulk method, consisting of 13 carioca seed coat lines and 13 black seed coat lines.
The black seed coat lines, regardless of the experimental method, stood out for resistance to races 31, 65, and 81 of the anthracnose pathogen. These results were expected because these lines originated from crosses made with 'IAC Una' and 'IAC Diplomata', resistant to the main physiological races already identified in Brazil (Chiorato et al., 2015) . It should be noted that anthracnose is one of the main diseases that affect common bean and, according to Ribeiro et al. (2016) , 10 races of the pathogen have been identified in the state of São Paulo, with races 65 and 81 occurring most frequently. Furthermore, the authors emphasized the high physiological variability among the isolates of race 65 of the pathogen, which shows the importance of using resistant cultivars to maintain the yield and seed quality of common bean. Silva et al. (2009) evaluated 143 common bean lines and obtained 87% resistance to race 65 of the anthracnose pathogen. Zuiderveen et al. (2016) evaluated 230 common bean lines for eight races of the pathogen (7, 39, 55, 65, 73, 109, 2047, and 3481) and indicated 12% resistance to six races and only one cultivar resistant to all the races evaluated. In the present study, 39% resistance to races 31, 65, and 81 of the pathogen was observed; however, the wide variability and the different levels of aggressiveness of the races found in the main common bean production regions in Brazil require a constant search for resistant cultivars in breeding programs (Ribeiro et al., 2016) , reinforcing the importance of the present study.
Only 28% resistance to races 1 and 2 of fusarium wilt pathogen was observed in the lines evaluated. Chiorato et al. (2015) evaluated 25 common bean cultivars and indicated 32% resistance to races 1 and 2 of the fusarium wilt pathogen. According to Xue et al. (2015) , the low percentage of resistance of common bean to this pathogen is related to the response of plant defense to F. oxysporum f. phaseoli, which involves expression of a large number of gene fragments in different regions of the genome, complicating and intensifying the work of selecting resistant cultivars. Garcés-Fiallos et al. (2017) emphasized that the pathogen colonizes the shoot tissues of susceptible cultivars, resulting in earlier and more evident symptoms, reducing the number of seeds per pod and seed weight, directly affecting bean seed yield. Moreover, the authors reported that even in resistant cultivars, the pathogen reduces yield, affecting the number of pods per plant and seed weight. However, it is not as drastic as in susceptible cultivars, and this makes the crop yield levels viable even though the pathogen is widespread in common bean production regions.
The fact of obtaining sources of resistance to these pathogens does not imply that the lines will exhibit suitable commercial traits, such as plant height, upright growth habit, bean seed yield, sieve yield, and seed coat lightness. For that reason, many lines were used in this study so as to obtain reliable sources of resistance that also have the traits desired by producers and consumers of common bean, thus ensuring acceptance of the genotypes selected.
Estimates of genetic parameters
The use of different methods of conducting the experiment is important for evaluating which are more advantageous for the traits of interest, speeding the breeding process and making it more practical for obtaining new common bean cultivars.
The estimates of genetic parameters obtained for plant growth habit (P), plant height (PH), bean seed yield (BY), sieve yield (SY), and seed coat lightness (L) of the lines conducted by the genealogical and bulk methods exhibited different values. These results allowed selection of lines with better performance for these traits as well as analysis of the efficiency of the methods of conducting the segregating populations (Tables 1 and 2) .
Broad sense heritability of the lines obtained by the genealogical method regarding the traits evaluated ranged from 19.12% to 99.83%, and for the bulk method, from 5.87% to 99.84%. In relation to the carioca seed coat lines conducted by the genealogical method, estimates of h² stood out for P (79.24%), BY (58.62%), SY (68.40%), and L of 40 d (99.48%) and 120 d (99.83%), whereas in the black seed coat lines, estimates stood out for PH (68.40%), SY (98.91%), and L of 40 d (99.45%). In relation to the carioca seed coat lines obtained by the bulk method, estimates of h² stood out for P (87.60%), PH (83.50%), and L of 40 d (99,00%) and 120 d (99.59%), and for the black seed coat lines, estimates of h² stood out for BY (77.11%), SY (95.25%), and L of 40 d (99.84%). Rocha et al. (2015) evaluated the yield of 48 carioca and black seed coat common bean progenies and reported broad sense heritability estimates ranging from 6.80% to 70.31%, results that are similar to those presented in this study. Silva et al. (2013) seed coat lines in the genealogical method, it can be inferred that a favorable gain from selection is expected for BY. This result is possible since broad sense heritability values of 50% or more can be manipulated and determine its influence for repeatability of the trait in the next generations, indicating the predominance of genetic effects over environmental ones and lending greater progress to the traits of interest (Chagas et al., 2016) . The higher estimate of broad sense heritability for BY was indicated by the black seed coat lines conducted by the bulk method (77.11%), a result similar to that reported by Jost et al. (2014) , indicating low environmental influence for BY. In relation to genetic variances, Silva et al. (2013) evaluated common bean progenies obtained by the bulk method and found estimates of 29 769.6 and 11 591.5 kg ha -1 for BY, values superior to those found in this study, which ranged from 80.66 to 6266.34 kg ha -1 . According to Ramalho et al. (2012) , among the methods of conducting segregating populations, the bulk method stands out through maintaining variability among the lines selected, regardless of the generation in which sampling was carried out; the variability of the F2 generation populations was similar. Nevertheless, various factors can affect the efficiency of the bulk method, such as the action of natural selection, losses resulting from the sampling process, and the effects of the Genotype × Environment interaction, exerting a considerable influence on expression of quantitative traits like bean seed yield (Silva et al., 2013) .
The values of phenotypic variances for P, PH, BY, SY, and L were superior to the genotypic variances for the two experimental methods used, indicating environmental influence on expression of these traits. The genotypic variances shown by the genealogical method were superior to those of the bulk method for the traits of BY, SY, L40, and L120 d for the carioca seed coat lines and for P, PH, and SY for the black seed coat lines. In the present study, the greatest genetic variances were observed in the genealogical method for all the traits evaluated, except for P and PH in the carioca seed coat lines and for BY and L (40 d) in the black seed coat lines. According to Borém and Vieira (2009) , the advantages of this method occur through control of kinship between generations, elimination of inferior plants in earlier generations, and the use of data obtained for genetic studies. However, disadvantages are higher costs for development, as in larger experimental fields and increased demand for qualified labor to select desirable plant types.
Gains from selection (GS) for P were of low magnitude and exhibited negative values for the lines obtained by the two experimental methods, except for the black seed coat lines of the bulk method, which exhibited positive GS, though of low magnitude. Considering that plant growth habit is evaluated by a scoring scale in which lower scores represent upright plants, these negative gains, even though of low magnitude, are promising for breeding programs because more upright plants facilitate crop treatments. The GS for PH were of low magnitude and positive for the two experimental methods. For BY, superior GS were observed for the genealogical method, mainly for the carioca seed coat lines, which exhibited the best estimate, resulting in a gain of 108 kg ha -1 . For SY, GS were also superior in the genealogical method, and the carioca seed coat lines stood out, with an estimate of 14.90, and those of black seed coat, with 27.61. For bulk, the carioca seed coat lines exhibited an estimate of GS for SY of 2.87, and those of black seed coat, of 23.18. For L, gains from selection for both methods were negative and of low magnitude, except for the black seed coat lines conducted by the genealogical method. Based on these results, the selected carioca seed coat lines that exhibited a lower degree of seed coat darkening stand out. This trait is extremely relevant for breeding programs, allowing better acceptance of the beans by the consumer market. Pontes Júnior et al. (2016) evaluated fiber content in common bean progenies and indicated gain from selection of 4.45% for the bulk method, 2.97% for SSD, and 1.86% for the bulk method within F2 families. Silva et al. (2013) obtained greater genetic gain compared to the study of Pontes Júnior et al. (2016) , but with the same ratio between the methods, with the bulk method standing out. These authors worked with the same population, using F7 progenies that were tested in two locations. For plant architecture, the values presented by these authors were superior to those obtained in the present study for the two experimental methods, making it difficult to obtain more upright plants. In the present study, the highest GS were observed in the bulk method in the carioca seed coat lines for P, PH, and L, and in the black seed coat lines for BY and SY. The P and PH traits are relevant when we consider mechanized harvest conditions because more upright plants facilitate this type of harvest (Silva et al., 2009) . The ideal plant for mechanized harvest should be taller than 50 cm, with resistance to lodging, such as the cultivars selected in the present study, emphasizing that this is a trait to be considered in releasing a new cultivar, ensuring its acceptance by producers. BY and SY are fundamental for selection of new cultivars since yield and bean seed size are the main objectives of breeding programs. Another relevant factor is a lower degree of seed coat darkening, ensuring acceptance by the consumer market. In the genealogical method, the highest estimates were for P, BY, SY, and L for the carioca seed coat lines and PH and SY for the black seed coat lines.
The coefficients of environmental variation (25.79%) and genetic variation (29.93%) exhibited similar values in regard to BY in the carioca seed coat lines obtained by the genealogical method. The same situation was observed for the SY trait in the carioca seed coat lines conducted by the bulk method, indicating a situation favorable to selection because the CVg/CV ratio indicates a value near 1. The values of the genotypic coefficient of variation (CVg) of the lines obtained by the genealogical method ranged from 7.25% to 143.01%, and by the bulk method, from 7.44% to 187.80%. Estimates of the CVg, with high magnitude values (66% and 98%) indicate the reliability of the mean phenotypic value as a predictor of the genotypic value, characterizing a favorable situation for the selection process (Moura et al., 2013) . Thus, the CVg estimates stand out for BY (black seed coat) and SY (black and carioca seed coat) by the bulk method and for PH (black seed coat) and SY (black and carioca seed coat) by the genealogical method, favoring the selection process. Regis et al. (2014) found a CVg of 28.44% for BY, which was similar to that observed in the present study for the carioca seed coat lines conducted by the genealogical method (29.93%) and lower than that for the black seed coat lines conducted by the bulk method (80.48%). The information generated by the genetic parameters is of fundamental importance in the selection processes since it provides data on heritability, prediction of genetic gains, evaluation of the potentialities of a determined population, and the relative efficiency of the selection methods, allowing identification of the most efficient selection methods (Hallauer and Miranda Filho, 1981) .
Based on the results of the evaluations performed, 29 lines with better performance were able to be selected, 14 (5%) conducted by the genealogical method and 15 (6%) by the bulk method. The lines C10-2-6/1, C10-2-17/2, C10-6-2/5, P10-1-9/38, C10-2-4/41, Pr10-4-3/12, Pr10-3-3/15-1, Pr10-3-3/15-2, Pr10-4-1/1, Pr10-3-6/2, Pr10-3-3/4, Pr10-3-3/1, Pr10-3-3/3, and Pr10-3-2/7 coming from the genealogical method, showed resistance to the two pathogens evaluated, semi-upright or upright growth habit, and, for lines Pr10-3-6/2 and Pr10-3-2/7, high yield and bean seed quality. Lines C10-2-4/35, C10-2-4/41, C10-2-16/5, P10-1-9/38, C10-2-4/35, P10-1-3/1, P10-1-4/2, Pr10-4-2/10, Pr10-4-3/12, C10-2-1/2, Pr10-4-4/38, Pr10-5-2/1, Pr10-4-4/8-1, Pr10-4-4/8-2, and Pr10-3-5/35, coming from the bulk method, also exhibited resistance to the two pathogens evaluated. However, plant growth habit was semi-upright, upright, or prostrate, which was expected through the use of selection by sampling. The lines C10-2-16/5, C10-2-4/35, Pr10-4-2/10, Pr10-4-4/8-1, and Pr10-4-4/8-2 exhibited high yield and bean seed quality. From the promising values of the estimates shown by the lines, the genealogical method stands out, especially considering the traits of P, BY, SY, and L, important for the release of new cultivars. The 14 lines obtained by the genealogical method, namely, C10-2-6/1, C10-2-17/2, C10-6-2/5, P10-1-9/38, C10-2-4/41, Pr10-4-3/12, Pr10-3-3/15-1, Pr10-3-3/15-2, Pr10-4-1/1, Pr10-3-6/2, Pr10-3-3/4, Pr10-3-3/1, Pr10-3-3/3, and Pr10-3-2/7, exhibited resistance to the two pathogens evaluated, semi-upright or upright growth habit, higher yield than the lines obtained by the bulk method, higher percentage of sieve yield, and bean seeds that were lighter colored and with a lower degree of seed coat darkening. These lines can be placed in the next value of cultivation and use of beans (VCU) tests, allowing new cultivars to be extracted with traits of interest for producers and consumers of bean seeds.
CONCLUSION
Of the 527 common bean lines obtained by the genealogical and bulk method, 207 exhibited resistance to races 31, 65, and 81 of anthracnose pathogen, and 58 to races 1 and 2 of fusarium wilt pathogen.
By the genetic parameters shown for the traits of plant growth habit, bean seed yield, sieve yield, and seed coat lightness, the genealogical method stands out for conducting segregating populations.
We were able to select 14 lines obtained by the genealogical method with resistance to the anthracnose and fusarium wilt pathogens, semi-upright or upright growth habit, high bean seed yield and sieve yield, and seed coats that had lighter color and a lower degree of darkening. These are the traits required by the common bean producer and consumer markets.
